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ANTENNAS HAVING MULTIPLE RESONANT FREQUENCY BANDS AND 
WIRELESS TERMINALS INCORPORATING THE SAME 

BACKGROUND OF THE INVENTION 
The present invention relates to the field of communications, and, more 
particularly, to antennas and wireless terminals incorporating the same. 

Recently, the size of wireless terminals has been decreasing. Many 
5 contemporary wireless terminals are less than 1 1 centimeters in length. Thus, there is 
increasing interest in small antennas that can be utilized as internally mounted 
antennas for wireless terminals. Inverted-F antennas, for example, may be well suited 
for use within the confines of wireless terminals, particularly wireless terminals 
undergoing miniaturization. Typically, conventional inverted-F antennas include a 
1 0 conductive element that is maintained in a spaced apart relationship with a ground 
plane. Exemplary inverted-F antennas are described in U.S. Patent Nos. 5,684,492 
and 5,434,579, which are incorporated herein by reference in their entirety. 

Furthermore, it may be desirable for a wireless terminal to operate within 
multiple frequency bands in order to utilize more than one communications system. 
1 5 For example, Global System for Mobile communication (GSM) is a digital mobile 

telephone system that typically operates at a low frequency band, such as between 880 
MHz and 960 MHz. Digital Communications System (DCS) is a digital mobile 
telephone system that typically operates at high frequency bands, such as between 
1710 MHz and 1880 MHz. The frequency bands allocated for mobile terminals in 
20 North America include 824-894 MHz for Advanced Mobile Phone Service (AMPS) 
and 1850-1990 MHz for Personal Communication Services (PCS). Accordingly, 
internal antennas are being provided for operation within multiple frequency bands. 

Conventional approaches for providing multiple frequency bands utilize band 
switching. These approaches focus on switching in the antenna matching network or 
25 in the active portions of the antenna, I e. the feed points of the antenna. The active 
portion of the antenna is typically a high current point, thus, losses in the switching 
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devices may be considerable. Furthermore, antenna matching networks are often 
bandwidth limited. 

SUMMARY OF THE INVENTION 
5 Embodiments of the present invention provide antennas for communications 

devices and wireless terminals. A conductive element is provided along with a 
ground assembly including a ground element coupled to the conductive element The 
ground element has a first state and a second state. The first state provides a first 
resonant frequency band when the ground element is in a first relative position that is 

10 a first distance from the conductive element. The second state provides a second 
frequency band when the ground element is in a second relative position that is a 
second distance, different from the first distance, from the conductive element. 

In some embodiments of the present invention the ground element includes a 
first ground plane in the first relative position spaced apart from the conductive 

1 5 element and a second ground plane, distinct from the first ground plane, in the second 
relative position spaced apart from the conductive element. In the first state the first 
ground plane may be coupled to the conductive element and the second ground plane 
may not coupled to the conductive element and the first and second ground planes 
may both coupled to the conductive element in the second state. Alternatively, in the 

20 first state the first ground plane may be coupled to the conductive element and in the 
second state the second ground plane may not coupled to the conductive element and 
the second ground plane may be coupled to the conductive element and the first 
ground plane may not coupled to the conductive element. 

In further embodiments of the present invention, a controller may be 

25 configured to select a system frequency band within at least one of the first resonant 
frequency band and/or the second resonant frequency band and to generate a system 
frequency band identifier signal based on the selected system frequency band. 
Alternatively, a user interface may receive a user input designating at least one of the 
first resonant frequency band and the second resonant frequency band. The ground 

30 assembly may further include a switch configured to couple at least one of the first 
ground plane and/or second ground plane to the conductive element responsive to the 
system frequency identifier signal and/or the user input. The switch may further be 
configured to decouple at least one of the first ground plane and/or second ground 
plane from the conductive element responsive to the system frequency identifier 
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signal and/or the user input. The switch may include at least one of a MEMS switch, 
a PIN diode switch, an electronic switch and/or a mechanical switch. 

In still further embodiments of the present invention, the ground 
element may include a single ground plane. The ground plane may be in the first 
5 relative position in the first state and the second relative position in the second state. 

In some embodiments of the present invention, a controller configured 
to select a system frequency band within at least one of the first resonant frequency 
band and/or the second resonant frequency band and generate a system frequency 
band identifier signal based on the selected system frequency band. Alternatively, a 
10 user interface may receive a user input designating at least one of the first resonant 
frequency band and the second resonant frequency band. The ground assembly may 
further include a motion means for moving at least one of the ground plane and/or the 
conductive element responsive to the system frequency band identifier signal and/or 
the user input. 

15 In further embodiments of the present invention, the first resonant frequency 

band may include at least one of 800 MHz, 900 MHz, 1800 MHz and/or 1900 MHz. 
The second resonant frequency band may include at least one different one of 800 
MHz, 900 MHz, 1800 MHz and/or 1900 MHz. The conductive element may be a 
planar inverted-F antenna (PIFA) element. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a perspective view of a conventional wireless terminal; 
Figure 2 is a schematic block diagram of a conventional arrangement of 
electronic components within the wireless terminal of Figure 1; 
25 Figure 3 A is a perspective view of a conventional planar inverted-F antenna; 

Figure 3B is a side view of the conventional planar inverted-F antenna of 
Figure 3A taken along the line 3B-3B. 

Figure 4 is a schematic block diagram of antennas according to embodiments 
of the present invention; 
30 Figure 5 is a side view of antennas according to embodiments of the present 

invention; 

Figures 6A and 6B are side views of antennas according to further 
embodiments of the present invention; and 



3 



WO 03/069728 PCT/US02/37310 

Figure 7 is a graph illustrating a change in a resonant frequency band 
according to embodiments of the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 
5 The present invention will now be described more fully hereinafter with 

reference to the accompanying drawings, in which preferred embodiments of the 
invention are shown. This invention may, however, be embodied in many different 
forms and should not be construed as limited to the embodiments set forth herein; :. 
rather, these embodiments are provided so that this disclosure will be thorough and 

10 complete, and will fully convey the scope of the invention to those skilled in the art 
In the drawings, the thickness of lines, layers and regions may be exaggerated 
for clarity. It will be understood that when an element, such as a layer, region or c 
substrate, is referred to as being "on" another element, it can be directly on the other 
element or intervening elements may also be present. In contrast, when an element is 

15 referred to as being "directly on" another element, there are no intervening elements 
present. It will also be understood that, when an element is referred to as being 
"connected" or "coupled" to another element, it can be directly connected to the other 
element or intervening elements may be present. In contrast, when an element is 
referred to as being "directly connected" or "directly coupled" to another element, \ 

20 there are no intervening elements present. Like numbers refer to like elements 
throughout. 

Embodiments of the present invention will now be described in detail below 
with reference to Figures 1 through 7. According to embodiments of the present 
invention, antennas for communications devices have first and second states. The 

25 first state provides a first resonant frequency band when a ground element is in first 
relative position a first distance from the conductive element. The second state 
provides a second resonant frequency band when the ground element is in a second 
relative position a second distance, different from the first distance, from the 
conductive element. If an inverted-F conductive element is provided, the first state 

30 may provide first and second resonant frequency bands and the second state may 
provide third and fourth resonant frequency bands. Antennas according to 
embodiments of the present invention may be useful in, for example, multiple mode 
wireless terminals that support two or more different resonant frequency bands, such 
as world phones and/or dual mode phones. 
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Referring to Figure 1, a conventional wireless terminal will now be discussed 
in further detail. As used herein, the term "wireless terminal" may include, but is not 
limited to, a cellular wireless terminal with or without a multi-line display; a Personal 
Communications System (PCS) terminal that may combine a cellular wireless 
5 terminal with data processing, facsimile and data communications capabilities; a PDA 
that can include a wireless terminal, pager, Internet/intranet access, Web browser, 
organizer, calendar and/or a global positioning system (GPS) receiver; and a 
conventional laptop and/or palmtop receiver or other appliance that includes a 
wireless terminal transceiver. Wireless terminals may also be referred to as 

10 "pervasive computing" devices and may be mobile terminals. 

Antennas having a ground assembly according to embodiments of the present 
invention may be incorporated into a wireless terminal, for example, the wireless 
terminal 10 illustrated in Figure 1. As illustrated, the wireless terminal 10 includes a 
housing 12. The housing 12 includes a top portion 13 and a bottom portion 14 

15 connected to the top portion 13, thus forming a cavity therein. The top and bottom 

housing portions 13, 14 house a keypad 15, which may include a plurality - of keys 16, 
a display 17, and electronic components (not shown) that enable the wireless terminal 
10 to transmit and receive communications signals. 

It will be understood that, although antennas according to embodiments of the 

20 present invention are described herein with respect to wireless terminals, 

embodiments of the present invention are not limited to such a configuration. For 
example, antennas according to embodiments of the present invention may be used 
within wireless communicators that may only transmit or only receive wireless 
communications signals. For example, conventional AM/FM radios or any receiver 

25 utilizing an antenna may only receive communications signals. Alternatively, remote 
data input devices may only transmit communications signals. 

Referring now to Figure 2, a conventional arrangement of electronic 
components that enable a wireless terminal to transmit and receive wireless terminal 
communication signals will be described in further detail. As illustrated, an antenna 

30 22 for receiving and/or transmitting wireless terminal communication signals is 
electrically connected to a radio-frequency (RF) transceiver 24 that is further 
electrically connected to a controller 25, such as a microprocessor. The controller 25 
is electrically connected to a speaker 26 that is configured to transmit a signal from 
the controller 25 to a user of a wireless terminal. The controller 25 is also electrically 



5 



WO 03/069728 PCT/US02/37310 

connected to a microphone 27 that receives a voice signal from a user and transmits 
the voice signal through the controller 25 and transceiver 24 to a remote device. The 
controller 25 is electrically connected to the keypad 15 and the display 17 that 
facilitate wireless terminal operation. 
5 It will be understood by those having skill in the art of communications 

devices that an antenna is a device that may be vised for transmitting and/or receiving 
electrical signals. During transmission, an antenna may accept energy from a 
transmission line and radiate this energy into space. During reception, an antenna 
may gather energy from an incident wave and provide this energy to a transmission 

1 0 line. The amount of power radiated from or received by an antenna is typically 
described in terms of gain. 

Radiation patterns for antennas are often plotted using polar coordinates. 
Voltage Standing Wave Ratio (VSWR) relates to the impedance match of an antenna 
feed point with a feed line or transmission line of a communications device, such as a 

15 wireless terminal. To radiate radio frequency energy with minimum loss, or to pass 
along received RF energy to a wireless terminal receiver with minimum loss, the 
impedance of a wireless terminal antenna is conventionally matched to the impedance 
of a transmission line or feed point. 

Conventional wireless terminals typically employ an antenna that is 

20 electrically connected to a transceiver operably associated with a signal processing 
circuit positioned on an internally disposed printed circuit board. In order to 
maximize power transfer between an antenna and a transceiver, the transceiver and 
the antenna are preferably interconnected such that their respective impedances are 
substantially "matched," z.e., electrically tuned to compensate for undesired antenna 

25 impedance components, to provide a 50-Ohm (Q) (or desired) impedance value at the 
feed point 

Referring now to Figures 3 A and 3B, a perspective view and a side view taken 
along lines 3B-3B in Figure 3 A of a conventional inverted-F antenna will be 
discussed. A conventional inverted-F antenna 30 may be configured for use in a 
30 wireless terminal, for example, the wireless terminal 10 illustrated in Figure 1 . 

Conventional inverted-F antennas derive their name from their resemblance to the 
letter "F." As illustrated, the antenna 30 includes a conductive element 32 maintained 
in spaced apart relationship with a ground plane 34. The illustrated conductive 
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element 32 has first and second portions or branches 32a, 32b, which may be resonant 
in different respective frequency bands, as would be understood by those skilled in the 
art. The conductive element 32 is grounded to the ground plane 34 via a ground feed 
36. A signal feed 37 extends from a signal receiver and/or transmitter (e.g., an RF 
5 transceiver) underlying or overlying the ground plane 34 to the conductive element 
32, as would be understood by those of skill in the art. 

Referring now to Figure 4, an antenna having a ground assembly 44 according 
to embodiments of the present invention will be discussed. It will be understood that 
the antenna may be configured for use with various wireless communicators, such as 

10 wireless terminals as discussed above. As illustrated, an antenna 40 according to ■ 
embodiments of the present invention includes a conductive element 41 that is 
configured to be mounted, for example, internally within a wireless communicator, 
such as a wireless terminal. The conductive element 41 may be, for example, an 
inverted-F conductive element or other micro-strip antenna element. 

15 As further illustrated in Figure 4, antennas according to embodiments of the 

present invention also include a ground assembly 44 including a ground element 42 
coupled to the conductive element 41. The ground element 42 has first and second 
states for use within antennas according to embodiments of the present invention. 
The first state may provide a first resonant frequency band and the second state may 

20 provide a second resonant frequency band. The first and second resonant frequency 
bands may be determined based on the spacing between the conductive element 41 
and the ground element 42. Thus, the first state provides a first resonant frequency 
band when there is a first spacing between the conductive element 41 and the ground 
element 42, i.e. the ground element 42 is in a first relative position. Similarly, the 

25 second state provides a second resonant frequency band when there is a second 

spacing, different from the first spacing, between the conductive element 41 and the 
ground element 42, i.e. the ground element is in a second relative position. 

It will be understood by those having skill in the art that the frequency bands 
within which antennas according to embodiments of the present invention resonate 

30 may be adjusted by changing the shape, length, width, spacing and/or state of one or 
more conductive elements of the antenna. As discussed above, for example, the 
resonant frequency bands may be changed by adjusting the spacing between the 
conductive element and the ground element Antennas according to embodiments of 
the present invention may support the Global System for Mobile (GSM) 
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communication frequency band, the Digital Communications System (DCS) 
frequency band, the Advanced Mobile Phone Service (AMPS) frequency band, and 
the Personal Communication Services (PCS) frequency band and/or combinations of 
the same. In other words, antennas according to embodiments of the present 
5 invention may support a frequency band from 880 MHz to about 960 MHz for GSM, 
from 1710 MHz to about 1880 MHz for DCS, from about 824 MHz to about 894 
MHz for AMPS, and/or from about 1850 MHz to about 1990 MHz for PCS. 

Referring again to Figure 4, antennas according to embodiments of the present • 
invention further include a signal feed 47 that is electrically connected to the 

10 conductive element 41 and extends outwardly from the conductive element 41 to 

electrically connect the antenna 40 to, for example, a wireless communications signal 
receiver and/or transmitter 48. A ground feed 46 also extends outwardly from the 
conductive element 41 adjacent the signal feed 47 and grounds the antenna 40, for 
example, via a ground plane, such as the ground plane 34 in Figures 3 A and 3B. 

1 5 Referring now to Figure 5, embodiments of the present invention having two 

ground planes will now be discussed in detail. As illustrated in Figure 5, an antenna 

50 according to embodiments of the present invention includes a conductive element 
51, a signal feed 57, and a ground feed 56. The signal feed 57 is electrically 
connected to the conductive element 51 and extends outwardly from the conductive 

20 element 51 to electrically connect the antenna 50 to, for example, a wireless 
communications signal receiver and/or transmitter 58. 

The antenna 50 further includes a ground assembly. The ground assembly of 
the antenna 50 includes a ground element 52 having a first ground plane 53 that is 
spaced apart from and coupled to the conductive element 51 and a second ground 

25 plane 55 that is separate from the first ground plane. According to embodiments of 
the present invention illustrated in Figure 5, a first state of the antenna 50 is provided 
by the first ground plane 53 when the second (or switched ground plane as shown in 
Figure 5) ground plane 55 is not electrically coupled the conductive element. 
Similarly, a second state of the antenna 50 is provided when the second ground plane 

30 55 that is spaced apart from the conductive element 51 is electrically coupled to the 
conductive element 51. Accordingly, the first state provides a first resonant frequency 
band when the first ground plane 53 is electrically coupled to the conductive element 

51 and the second ground plane 55 is not and the second state provides a second 
resonant frequency band when the first ground plane 53 and the second ground plane 
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55 are both electrically coupled to the conductive element 51. It will be understood 
that ground planes according to embodiments of the present invention, may have 
various shapes, configurations, and/or sizes and are not limited to the embodiments 
illustrated in the figures. It will be further understood that embodiments of the 
5 present invention are not limited to having two ground planes. 

The ground assembly may further include, for example, a switch 59 that may 
be activated and/or deactivated so that the proper ground plane will be electrically 
connected to the conductive element 51 to provide the selected system frequency. As 
illustrated, the switch 59 may couple or decouple the second ground plane 55 to the 

10 first ground plane 53 and the conductive element 51. Alternatively, there may be two 
or more switches. For example, as further illustrated by the dotted line switches, a 
first switch 59 A 1 may couple the second ground plane 55 to or decouple the second 
ground plane 55 from the conductive element 51. Similarly, a second switch 59B f 
may replace the ground feed 56 and may couple the first ground plane 53 to or 

15 decouple the first ground plane 53 from the conductive element 51. Thus, in this 
embodiment of the present invention only one ground plane is coupled to the 
conductive element at a time. Similarly, a single switch may selectively couple one of 
the ground planes while decoupling the other ground plane. The switch may be, for 
example, a MEMS switch, a PIN diode switch, an electronic switch, a mechanical 

20 switch or the like. It will be understood that the above-described switching 

configurations are described for exemplary purposes only and the present invention 
should not be limited to the described configurations. 

It will be understood that when, for example, the second ground plane is 
decoupled from the first ground plane and/or the conductive element, the presence of 

25 the second decoupled ground plane may still influence the first ground plane coupled 
to the conductive element. However, generally, the second decoupled ground plane 
should not influence the operation of the first ground plane unless, for example, the 
dimensions of the second ground plane are selected to cause the second ground plane 
to be resonant at the same frequency as the antenna itself. Otherwise, in practice, the 

30 presence of the second decoupled ground plane should have no more than a slight 

influence on the operation of the first ground plane coupled to the conductive element. 
It will be further understood that the same is true for the reverse situation, i.e. when 
the first ground plane is decoupled from the second ground plane and/or the 
conductive element and the second ground plane is coupled to the conductive 
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element, the presence of the first decoupled ground plane may have a slight influence 
on the operation of the second ground plane. 

A controller, for example, the controller 25 of Figure 2, may be configured to 
determine the resonant frequency band of the system in which the wireless terminal is 
5 operating. The system frequency may be a frequency found within the first and 
second resonant frequency bands. The controller may generate a system frequency 
band identifier signal that indicates the state in which the antenna 50 should operate. 
The switch may be configured to couple the proper ground plane to the conductive 
element 51 in response to the system frequency band identifier signal. Alternatively, 

10 a user interface, for example, the keypad 15 of Figure 2, may receive a user input 
designating the system frequency band, which will typically fall within the first 
resonant frequency band and/or the second resonant frequency band. In this 
embodiment, the switch may be configured to couple the proper ground plane to the 
conductive element 51 in response to the user input designating the system frequency 

1 5 band. It will be understood that the switch may be either of the switch configurations 
discussed above or other switch configuration that will provide the switch 
functionality according to embodiments of the present invention. 

Referring now to Figures 6A and 6B, embodiments of the present invention 
having a movable ground plane will be discussed in detail. As illustrated in Figures 

20 6A and 6B, an antenna 60 according to embodiments of the present invention includes 
a conductive element 61, a signal feed 67, and a ground feed 66 as discussed above. 
The signal feed 67 is electrically connected to the conductive element 61 and extends 
outwardly from the conductive element 61 to electrically connect the antenna 60 to, 
for example, a wireless communications signal receiver and/or transmitter 68. 

25 The antenna 60 further includes a ground assembly. The ground assembly 

includes a ground element 62 having a single ground plane 63. The ground plane 63 
has a first relative position with respect to the conductive element 61 and a second 
relative position with respect to the conductive element 61 that is distinct from the 
first relative position. According to embodiments of the present invention illustrated 

30 in Figures 6A and 6B, a first state of the antenna 60 is provided when the ground 
plane 63 is in the first relative position a first distance Dl from the conductive 
element 61. Similarly, a second state of the antenna 60 is provided when the ground 
plane 63 is in the second relative position a second distance D2, distinct from the first 
distance Dl, from the conductive element 61. Accordingly, the first state provides a 
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first resonant frequency band when the ground plane 63 is in a first relative position 
and the second state provides a second resonant frequency band when the ground 
plane 63 is in a second relative position. It will be understood that although two 
relative positions are discussed herein, the present invention should not be limited to 
5 this configuration. For example, the ground plane may have two or more relative 
positions with respect to the conductive element and still provide the functionality of 
embodiments of the present invention. 

The ground assembly may further include, for example, a motor 69 or other 
motion means for moving at least one of the ground plane 63 and/or the conductive . 

10 element 61 responsive to a system frequency band identifier signal generated as 

discussed below. The motion means may be provided by any means known to those 
of skill in the art that will also provide the desired movement of the ground plane. For 
example, the motion means may be a motor drive, a magnetic flapper, a solenoid, an 
electrostatically driven flapper, or the like. 

15 A controller, for example, the controller 25 of Figure 2, may be configured to 

determine the resonant frequency band of the system in which the wireless terminal is 
operating. The system frequency may be a frequency found within the first and 
second resonant frequency bands. The controller may generate a system frequency 
band identifier signal that indicates the state in which the antenna 50 should operate. 

20 The motor 69 or motion means may be configured to move the ground plane to the 
proper position in response to the system frequency band identifier signal. 
Alternatively, a user interface, for example, the keypad 15 of Figure 2, may receive a 
user input designating the system frequency band, which will typically fall within the 
first resonant frequency band and/or the second resonant frequency band. In this 

25 embodiment, the motor 69 or other motion means may be configured to move the 
ground plane to the proper position in response to the user input. 

As discussed above, the conductive element of Figures 5 and 6 may be an 
inverted-F conductive element as shown in Figure 3. An inverted-F conductive 
element may have first and second branches as shown in Figure 3 (32a, 32b). Thus, 

30 the first branch may be resonant within a first frequency band and the second branch 
may be resonant within a second frequency band different from the first frequency 
band. The first frequency band may be a low frequency band and the second 
frequency band may be a high frequency band, or vice-versa, as would be understood 
by those of skill in the art. For example, a frequency band of one of the branches may 
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be between 824 MHz and 960 MHz (le. 9 a low frequency band) and a frequency band 
of the other one of the branches may be between 1710 MHz and 1990 MHz (i.e., a 
high frequency band). 

Accordingly, if an inverted-F conductive element is used in conjunction with a 
5 ground assembly according to embodiments of the present invention, a single antenna 
may provide four or more resonant frequency bands. For example, the first state may 
provide first and second resonant frequency bands in the first and second branches of 
the inverted-F conductive element, respectively. Similarly, the second state may 
provide third and fourth resonant frequency bands in the first and second branches of 
10 the inverted-F conductive element, respectively. 

It will be understood by those of skill in the art that an inverted-F conductive 
element, according to embodiments of the present invention, may be formed on a 
dielectric substrate, for example, FR4 or polyimide, by etching a metal layer or layers 
in a pattern on the dielectric substrate. Furthermore, an inverted-F conductive 
15 element, according to embodiments of the present invention, may have any number of 
< » branches disposed on and/or within a dielectric substrate. 

A conductive material out of which the illustrated inverted-F conductive 
element may be formed is copper. For example, the conductive element branches 
may be formed from copper sheet. Alternatively, the conductive element branches 
20 may be formed from a copper layer on a dielectric substrate. However, conductive 
element branches for inverted-F conductive elements according to the present 
invention may be formed from various conductive materials and are not limited to 
copper. 

An inverted-F conductive element that may be utilized in an antenna 
25 according to embodiments of the present invention may have various shapes, 

configurations, and/or sizes. Embodiments of the present invention are not limited to 
the illustrated configuration of the inverted-F conductive element. For example, the 
present invention may be implemented with any micro-strip antenna. Moreover, 
embodiments of the present invention are not limited to inverted-F conductive 
30 elements having two branches. Inverted-F conductive elements utilized in 

embodiments of the present invention may have one or more radiating portions or 
branches. 

It will be understood that although the term "ground plane" is used throughout 
the application, the term "ground plane", as used herein, is not limited to the form of a 
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plane. For example, the "ground plane" may be a strip or any shape or reasonable size 
that does not resonate at the same frequency as the antenna itself. 

Referring now to Figure 7, a graph illustrating a change in a resonant 
frequency band from the first state to the second state in an antenna according to 
5 embodiments of the present invention will be discussed. As discussed above, the 

frequency bands within antennas according to embodiments of the present invention . 
may be adjusted by changing the shape, length, width, spacing and/or state of one or 
more conductive elements of the antenna. As discussed above, for example, the 
resonant frequency bands may be changed by adjusting the spacing between the 

10 conductive element and the ground element. The spacing between the conductive 
element and the ground element may be adjusted by having two or more ground ■ 
planes, each a different distance from the conductive element and thus, providing a 
5 different resonant frequency band corresponding to the different distances. 
Alternatively, the spacing may be adjusted by physically moving a single ground : 

1 5 plane from one position to another using a motor or some other motion means within 
the ground assembly. Thus, an antenna having different states may be provided. A 
typical return loss versus frequency response for the first and second states of an • . 
antenna according to embodiments of the present invention is illustrated in Figure 7. 
As described above, antennas according to embodiments of the present 

20 invention provide first and second states. According to embodiments of the present 
invention, antennas for communications devices have first and second states. The 
first state provides a first resonant frequency band when a ground element is in first 
relative position a first distance from the conductive element. The second state 
provides a second resonant frequency band when the ground element is in a second 

25 relative position a second distance, different from the first distance, from the 

conductive element. Antennas according to embodiments of the present invention 
may be useful in, for example, multiple mode wireless terminals that support two or 
more different resonant frequency bands, such as world phones and/or dual mode 
phones. 

30 In the drawings and specification, there have been disclosed typical preferred 

embodiments of the invention and, although specific terms are employed, they are 
used in a generic and descriptive sense only and not for purposes of limitation, the 
scope of the invention being set forth in the following claims. 
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THAT WHICH IS CLAIMED IS: 

1 . An antenna for a communications device, comprising: 
a conductive element; and 

a ground assembly including a ground element coupled to the conductive 
5 element, the ground element having a first state and a second state, the first state 
providing a first resonant frequency band when the ground element is in a first 
relative position a first distance from the conductive element and the second state 
providing a second frequency band when the ground element is in a second relative 
position a second distance, different from the first distance, from the conductive 
10 ■ element. 

2. An antenna according to Claim 1, wherein the ground element 
comprises a first ground plane in a first relative position spaced apart from the 
conductive element and a second ground plane, distinct from the first ground plane, in 

15 a second relative position spaced apart from the conductive element 



3. An antenna according to Claim 2, wherein in the first state the first 
ground plane is coupled to the conductive element and the second ground plane is not 
coupled to the conductive element and wherein the first and second ground planes are 

20 both coupled to the conductive element in the second state. 

4. An antenna according to Claim 2, wherein in the first state the first 
ground plane is coupled to the conductive element and the second ground plane is not 
coupled to the conductive element and wherein in the second state the second ground 

25 plane is coupled to the conductive element and the first ground plane is not coupled to 
the conductive element. 



5. An antenna according to Claim 2, further comprising: 
a controller configured to select a system frequency band within at least 
30 one of the first resonant frequency band and/or the second resonant frequency band 

and to generate a system frequency band identifier signal based on the selected system 

frequency band; 

wherein the ground assembly further comprises a switch configured to couple 
at least one of the first ground plane and/or second ground plane to the conductive 
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element responsive to the system frequency identifier signal in the first state and 
decouple at least one of the first ground plane and/or second ground plane from the 
conductive element responsive to the system frequency identifier signal in the second 
state. 

5 

6. An antenna according to Claim 5, wherein the switch comprises at 
least one of a MEMS switch, a PIN diode switch, an electronic switch and/or a 
mechanical switch, 

10 7. An antenna according to Claim 2, further comprising: 

a user interface that receives a user input designating at least one of the first 
resonant frequency band and the second resonant frequency band; 

wherein the ground assembly further comprises a switch configured to couple 
at least one of the first ground plane and/or second ground plane to the conductive 
1 5 element responsive to the user input signal in the first state and decouple at least one 
of the first ground plane and/or second ground plane from the conductive element 
responsive to the user input in the second state. 

8. An antenna according to Claim 1 , wherein the ground element further 
20 comprises a ground plane, wherein the ground plane is in the first relative position in 

the first state and wherein the ground plane is in the second relative position in the 
second state. 

9. An antenna according to Claim 8, wherein the ground plane moves 
25 between the first relative position to the second relative position and the conductive 

element remains stationary. 

10. An antenna according to Claim 8, further comprising: 

a controller configured to select a system frequency band within at least 
30 one of the first resonant frequency band and/or the second resonant frequency band 
and generate a system frequency band identifier signal based on the selected system 
frequency band; 
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wherein the ground assembly further comprises a motion means for moving at 
least one of the ground plane and/or the conductive element responsive to the system 
frequency band identifier signal. 

5 1 1 . An antenna according to Claim 8, further comprising: 

a user interface that receives a user input designating at least one of the first 
resonant frequency band and the second resonant frequency band; 

wherein the ground assembly further comprises a motion means for moving 
the ground plane between the first relative position and the second relative position 
1 0 responsive to the user input. 

12. An antenna according to Claim 1, wherein the first resonant frequency 
band comprises at least one of 800 MHz, 900 MHz, 1 800 MHz and/or 1900 MHz; and 
wherein the second resonant frequency band comprises at least one different one of 

1 5 800 MHz, 900 MHz, 1 800 MHz and/or 1900 MHz. 

13. An antenna according to Claim 1, wherein the conductive element is a 
planar inverted-F antenna (PIFA) element 

20 14. An antenna for a communications device, comprising: 

an inverted-F conductive element comprising first and second branches; 
a ground assembly including a ground element coupled to the inverted-F 
conductive element operative to provide a first state and a second state, the first state 
providing a first resonant frequency band based on the first branch of the inverted-F 

25 conductive element and a second resonant frequency band based on the second branch 
of the inverted-F conductive element when the ground element is in a first relative 
position a first distance from the inverted-F conductive element and the second state 
providing a third resonant frequency band based on the first branch of the inverted-F 
conductive element and a fourth resonant frequency band based on the second branch 

30 of the inverted-F conductive element when the ground element is in a second relative 
position a second distance, different from the first distance, from the inverted-F 
conductive element. 
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15. An antenna according to Claim 14, wherein the ground element 
comprises a first ground plane in a first relative position spaced apart from the 
conductive element and a second ground plane, distinct from the first ground plane, in 
a second relative position spaced apart from the conductive element 

5 

16. An antenna according to Claim 1 5, wherein in the first state the first 
ground plane is coupled to the inverted-F conductive element and the second ground 
plane is not coupled to the inverted-F conductive element and wherein the first and 
second ground planes are both coupled to the inverted-F conductive element in the 

10 second state. 



17. An antenna according to Claim 1 5, wherein in the first state the first 
ground plane is coupled to the inverted-F conductive element and the second ground 
plane is not coupled to the inverted-F conductive element and wherein in the second 

1 5 state the second ground plane is coupled to the inverted-F conductive element and the 
first ground plane is not coupled to the inverted-F conductive element. 

18. An antenna according to Claim 1 5, further comprising: 

a controller configured to select a system frequency band within at least 
20 one of the first resonant frequency band, the second resonant frequency band, the 

third resonant frequency band and/or the fourth resonant frequency band and produce 
a system frequency band identifier signal based on the selected system frequency 
band; 

wherein the ground assembly further comprises a switch configured to couple 
25 at least one of the first ground plane and/or second ground plane to the conductive 
element responsive to the system frequency identifier signal in the first state and 
decouple at least one of the first ground plane and/or second ground plane from the 
conductive element responsive to the system frequency identifier signal in the second 
state. 

30 

1 9. An antenna according to Claim 1 8, wherein the switch comprises at 
least one of a MEMS switch, a PIN diode switch, an electronic switch and/or a 
mechanical switch. 
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20. An antenna according to Claim 15, further comprising: 
a user interface that receives a user input designating at least one of the first 

resonant frequency band, the second resonant frequency band, the third resonant 
frequency band and/or the fourth resonant frequency band based on the user input; 

wherein the ground assembly further comprises a switch configured to couple 
at least one of the first ground plane and/or second ground plane to the conductive 
element responsive to the user input signal in the first state and decouple at least one 
of the first ground plane and/or second ground plane from the conductive element 
responsive to the user input in the second state. 

21 . An antenna according to Claim 14, wherein the ground element further 
comprises a ground plane, wherein the ground plane is in the first relative position in 
the first state, and wherein the ground plane is in the second relative position in the 
second state. 

22. An antenna according to Claim 21, wherein the ground plane 
moves between the first relative position to the second relative position and the 
conductive element remains stationary. 

20 23 . An antenna according to Claim 2 1 , further comprising: 

a controller for detemiining a system frequency band within at least 
one of the first resonant frequency band, the second resonant frequency band, the 
third resonant frequency band and/or the fourth resonant frequency band and 
producing a system frequency band identifier signal based on the system frequency 

25 band; 

wherein the ground assembly further comprises a motion means for moving at 
least one of the ground plane and/or the conductive element responsive to the system 
frequency band identifier signal. 

30 24. An antenna according to Claim 2 1 , further comprising: 

a user interface that receives a user input designating at least one of the first 
resonant frequency band, the second resonant frequency band, the third resonant 
frequency band and/or the fourth resonant frequency band based on the user input; 
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wherein the ground assembly further comprises a motion means for moving 
the ground plane between the first relative position and the second relative position 
responsive to the user input. 

5 25. An antenna according to Claim 14, wherein the first resonant 

frequency band comprises at least one of 800 MHz, 900 MHz, 1800 MHz and 1900 
MHz; wherein the second resonant frequency band comprises at least one of 800 
MHz, 900 MHz, 1800 MHz and 1900 MHz; wherein the third resonant frequency 
band comprises at least one of 800 MHz, 900 MHz, 1800 MHz and 1900 MHz; and 
1 0 wherein the fourth resonant frequency band comprises at least one of 800 MHz, 90ti 
MHz, 1800 MHz and 1900 MHz. 

26. A wireless terminal, comprising: 
a housing; 

15 a receiver that receives wireless communications signals and/or a transmitter 

that transmits wireless communications signals positioned within the housing; 

a conductive element within the housing coupled to the receiver and/or 
transmitter; and 

a ground assembly including a ground element coupled to the conductive 
20 element, the ground element having a first state and a second state, the first state 
providing a first resonant frequency band when the ground element is in a first 
relative position a first distance from the conductive element and the second state 
providing a second frequency band when the ground element is in a second relative 
position a second distance, different from the first distance, from the conductive 
25 element. 

27. A wireless terminal according to Claim 26, wherein the ground 
element comprises a first ground plane in the first relative position spaced apart from 
the conductive element and a second ground plane, distinct from the first ground 

30 plane, in the second relative position spaced apart from the conductive element. 
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28. A wireless terminal according to Claim 27, wherein in the first state 
the first ground plane is coupled to the conductive element and the second ground 
plane is not coupled to the conductive element and wherein the first and second 
ground planes are both coupled to the conductive element in the second state. 

5 

29. A wireless terminal according to Claim 27, wherein in the first state 
the first ground plane is coupled to the conductive element and the second ground 
plane is not coupled to the conductive element and wherein in the second state the 
second ground plane is coupled to the conductive element and the first ground plane is 

10 not coupled to the conductive element 



30. A wireless terminal according to Claim 27, further comprising: 

a controller configured to select a system frequency band within at least : 
one of the first resonant frequency band and/or the second resonant frequency band 
15 and to produce a system frequency band identifier signal based on the selected system 
frequency band; 

wherein the ground assembly further comprises a switch configured to couple 
at least one of the first ground plane and/or second ground plane to the conductive 
element responsive to the system frequency identifier signal in the first state and < 
20 * decouple at least one of the first ground plane and/or second ground plane from the 
conductive element responsive to the system frequency identifier signal in the second 
state. 

31. A wireless terminal according to Claim 30, wherein the switch 

25 comprises at least one of a MEMS switch, a PIN diode switch, an electronic switch 
and/or a mechanical switch. 



32. A wireless terminal according to Claim 27, further comprising: 
a user interface that receives a user input designating at least one of the first 
30 resonant frequency band, the second resonant frequency band, the third resonant 
frequency band and/or the fourth resonant frequency band; 

wherein the ground assembly further comprises a switch configured to couple 
at least one of the first ground plane and/or second ground plane to the conductive 
element responsive to the user input signal in the first state and decouple at least one 
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of the first ground plane and/or second ground plane from the conductive element 
responsive to the user input in the second state. 

33. A wireless terminal according to Claim 26, wherein the ground 

5 element further comprises a ground plane, wherein the ground plane is in the first 
relative position in the first state, and wherein the ground plane is in the second 
relative position in the second state. 

34. A wireless terminal according to Claim 33, wherein the ground plane 
1 0 moves between the first relative position to the second relative position and the 

conductive element remains stationary. 

35. A wireless terminal according to Claim 33, further comprising: 
a controller for selecting a system frequency band within at least 

1 5 one of the first resonant frequency band and/or the second resonant frequency band 
and producing a system frequency band identifier signal based on the selected system 
frequency band; 

wherein the ground assembly further comprises a motion means for moving 
the ground plane between the first relative position and the second relative position 
20 responsive to the system frequency band identifier signal. 

36. A wireless terminal according to Claim 33, further comprising: 

a user interface that receives a user input designating at least one of the first 
resonant frequency band and the second resonant frequency band; 
25 wherein the ground assembly further comprises a motion means for moving at 

least one of the ground plane and/or the conductive element responsive to the user 
input. 

37. A wireless terminal according to Claim 26, wherein the first resonant 
30 frequency band comprises at least one of 800 MHz, 900 MHz, 1 800 MHz and/or 1 900 

MHz; and wherein the second resonant frequency band comprises at least one of 800 
MHz, 900 MHz, 1800 MHz and/or 1900 MHz. 

38. A wireless terminal according to Claim 26, wherein the conductive 
35 element is a planar inverted-F antenna (PIFA) element. 
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